Abstract. High age of the population advances in the world. The consumption of meat increases. Some methods of softening of edible meat are methods such as electric energy, pressure, heating and biological. The development of the method of the tenderness that is the high efficiency which can apply to the volume of production of the meat is expected. The National Institute of Technology, Okinawa College (OkNCT) has developed a food processing machine that generates underwater shock waves through wire electrical discharge. The machine can be used for sterilization, milling, tenderness, and extraction among others. In this study, we experimentally examined the conditions for food tenderness using pork as the food material in the experiments. The relationship of the tenderness of edible meat measured with a durometer with the number of underwater shock wave generation, and the distance of the shock wave generation point from the edible meat and reflectance backing material were shown experimentally. The prototype design of the pressure vessel for the processing of the meat was shown. The possibility of designing and manufacturing of a pressure vessel according to the required tenderness was shown.
Introduction
In USA, Europe, Japan, the consumptions of edible meat increase [1] [2] [3] . The population of the elderly has been increasing in Japan. The Japanese increase rate is serious, but almost increases in all developed countries [4] . There have been many studies on the tenderness of food [5] [6] . Tenderness is one of the most important sensory characteristics of meat. The conventional method of tenderness meat include pounding food materials or cutting muscle fibers with a knife or Biological method etc. [7] . It is shown that the softening of the meat using hydrodynamic shock wave. However, hydrodynamic shock wave is produced by an explosive and is unsuitable for practical use [8] . Biochemical techniques have shown the possibility of tenderness of meat [9] [10] [11] [12] [13] .It is showed that particularly the application of the proteolytic enzymes transglutaminase and phrases, associated with nutritional, technological, and environmental improvements [14] . I.N.A. Ashie et al. studied on the softening of meat using an aspartic proteinase (AP) and papain on meat proteins. An improvement of 20 to 30% was confirmed in the softening of the meat [15] . 'SLOW cooking' was shown to be effective for soft meat dishes [16] . Highly cold-shortened muscle indicated the possibility of tenderness of a meat [17, 18] . However, it is necessary to develop mechanical devices for practical use by these new food processing method. The possibility of changing the softening of meat was shown by using high concentration of oxygen. However, processing has several days. A processing method in which the processing time is short and the design and production of a mechanical apparatus that can for practical use is realistic is effective. At OkNCT, a food processing machine that generates underwater shock waves has been developed. This device consists of a high-voltage power-supply unit for shock wave generation and a pressure vessel for processing. The effects of this processing are improvement of extractability, tenderness, and sterilization without heating [19] [20] [21] [22] [23] [24] . We develop the device for processing meat using shock waves. However, the conditions of processing using shock waves and their relationships with the tenderness of meat have not been clarified. Clarification of the relationships is necessary for the design of the pressure vessel most suitable for meat processing. In this study, the relationships of the number of underwater shock wave processing and the distance of an underwater shock wave generation point from meat with the tenderness of meat were examined experimentally. The clarification of these relationships may also lead to the understanding of this mechanism of the tenderness of meat. A guideline for the design of the pressure vessel for processing meat is provided. Figure 1 shows an overview of the food processing device that generates underwater shock waves.
Electric energy is charged with the hi-charging device (TDK Lambda: 152A) from a switchboard (200V, 20A).The pressure vessel for food processing is filled with water. The charged electric energy is supplied to an electrode in the pressure vessel by the gap switch with the air cylinder. A thin aluminum wire is installed between electrodes, and it is evaporated by thermite reaction induced by instantaneously applied high voltage, resulting in shock wave generation. The generated shock wave propagates in the water in the pressure vessel. The food to be softened is packed with silicone or resin. The food is destroyed at the interface owing to the density difference resulting in spalling-destruction-phenomenon. The meat is processed (softened) by this phenomenon. 
Fig.1 Figure of food processing machine for test processing

Experimental conditions 2.1 Processing conditions for tenderness using the underwater shock waves
The pressure of underwater shock waves is exponentially decreases with transmission distance [25] .To clarify the relationship between meat tenderness and the distance of the shock wave propagation point from the meat, meat tenderness was measured at various distances between the meat and the shock wave generation point. The effects of these waves may be unhanced by increasing the number of times shock waves are generated using this device experimentally. To clarify the relationship between the number of processing and tenderness, the tenderness of meat was measured after one to three underwater shock waves with the distance of the shockwave generation point from the meat (135mm). We chose some materials of the backing material. To clarify the relationship between the backing material used and meat tenderness, meat tenderness was measured using different backing materials at various distances of the shockwave generation point from the meat (135mm). Figure 2 shows a picture of the pressure vessel for experiments on tenderness.
The size of the vessel is 1m cubic. This meat placed underwater is supported by a silicone sheet. The distance between the shock wave generation point and the meat is changed by screws. We prepared water (reflectance to water,0%), wood (83.6%), and stainless steel (92.6%) as backing materials. The other parameters were constant. The charge voltage was 3.5KV, the condenser capacity was 800μF (This is connected by four parallel). The materials of thin line is aluminum. The diameter of the thin line was 1mm, the distance of the thin line at each electrodes was 8mm.
Method of measurement of tenderness
. We chose pork, as the material for studying the tenderness effect on edible meat. Because tenderness differs depends on part of meat, we processed meat after cutting the red meat part. Figure 3 shows the measurement points on the meat. The red meat of pork shown in the figure was 10cm in width, 12cm in height, and 1cm in thickness. The measurement points were indicated by red food dye. The measurement points were located as follows: one point at the center of the meat, one each above and below the center point , two points each on the right and left sides of the center point. The distance between points wad 1cm. The tenderness of each point was measured after processing with shock waves. 
Evaluation of tenderness
For the evaluation of the tenderness of meat, we mesured the tenderness of meat using a durometer. Figure 4 shows the specifications of the durometer. This measuring instrument was made in TecLock Co., the type is OO, the load value of the spring is 203-1111mN, the shape of the push needle is a hemispherical (Radius, 1.19mm), the contact time between the durometer and the meat is approximately 1 s. This measurement is in accordance with "ASTM D 2240" [26] . We measured the meat five times at each measurement point and calculated the mean. Figure 5 shows the relationship between the distance of the shock wave generation point from the meat (Horizontal axis) and hardness (tenderness) of meat (Vertical axis). As the distance dereases, it is obvious that the meat became tender. Figure 6 shows the relationship between number of times shock waves were generated (horizontal axis) and the hardness (tenderness) of meat (vertical axis). A negative hardness value is indicated that the meat is softened. After the third shock wave generation, meat is clearly softened by about 1.8 fold. The meat was hard after one time shock wavecompared with the other number of times of processing. The otherexperimental processing (extraction and flour milling) in this study showd negative effect after one time shock wave processing [27, 28] . It will be necessary clarify to the reason why the meat became hard after one-time shock wave processing, as shown by observation undar a microscope. Figure 7 shows the relationship between the reflectance of the backing material to water and tenderness. The acoustic impedance that reflectance is decided on is calculated by the multiplication of density of the meat and the speed of sound. A different reflection expansion wave occurs by materials of the back materials, and it is assumed that a change occurred in the hardness of the meat.The effect of the backing material on tenderness was found to be larger than those of the number of times of shock wave generation and the distance between the meat and the shock wave generation point. Figure 8 shows a prototype design of the pressure vessel for processing meat using underwater shock waves. We can manufacture the pressure vessel for meat tenderness by setting the distance between the meat and the shock wave generation point, the backing material, and the transport speed of meat calculated from charging time and the numbr of times of shock wave generation according to the desired hardness (tenderness) measured using a durometer.
Experiment result and discussion
